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A record year of snowfall in the mountains—how do we know™?
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The work of the San Joaguin District’s Witer resources
techolciany 1s demanding...and exacting.
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Snow — skiers love to plow
through it, children delight in throw-
ing it, and water supply forecasters
cagerly anticipate it. For all of these
people, lots of the white stufl 1s a good
thing. But for the forecasters, an abun-
dant snowpack is especially wel-
comed, for it could mean the differ-
ence between a runoff that leaves the
state in a drought or one that provides
an ample water supply for everyone.

In fact, more than 20 million

Californians and roughly 7 mullion
acres of farmland depend on how much
snow falls in the High Sierra. Too little
snow and the State Water Project de-
livenies drop, leaving agncultural and
urban water users to scramble for other
resources like ground water—and
in drastic cases, making manda-
lory rationing necessary. Too
much snow and spring runoff can
turn into more water than some

downstream reservoirs can handle.



Whatever the case, knowing how
much and what's in the snowpack go
hand in hand with predicting whether the
water vear will be a good one or nit,
And the charge of collecting that infor-
mation falls to snow surveying teams,
under the Department’s guiding hand.

BIRTH OF
SNOW
SURVEYING
he concept
behind snow
surveying
took shape near the
turn of the century
with the work of Dr
: James Church on
B Mount Rose, a 10,800-
; foot mountain in Nevada.
Based on s observations that
there existed a relationship between
snowmelt and the spring rise of Lake
Tahoe, Church devised a method of
systematically measuring the depth
and water content ol snow_. And thus
snow surveying was imvented. (A ns-
torical monument near Lake Tahoe
Dam commemorates Dr. Church’s
snow survey work which contrnibuted
to the end of the “Tahoe Water War.™)
Water agencies soon picked up
the idea and began their own survey-
g programs. With the data collected,
they could now rezulite releases o
prevent flooding or conserve flows for
downstream uses later in the yvear and
keep therr customers happy.
In 1929, the State Legislature,
recognmizing the need for a central-

1zed system to provide information

o water users statewide, passed a bill
that established the California Coop-
erative Snow Survevs Program and
designated the Division of Water Re-
sources (now DWR) as its coordina-
tor. ( The Legislature first authorized
the State Engineer’s Office to partici-
pate in snow surveys in 1918, but the
program died from lack of funding
in 1923, Snow surveys and dam
safety, also established in 1929, are
among DWR's oldest programs. )
Today, more than 50 state. na-
tional, and private agencies survey
nearly 300 snow courses each winter.
Snow water conlent data is received
daily all season by automatic sensor

The surveyor sinks the sampling tube
into the snowpack.

equipment, while snow survey teams
sample the courses each month from
January to May.

DWR SNOW TEAMS AT WORK
t DWR, Frank Gehrke heads the
Snow Survey Section in the Di-
vision of Flood Management. *A

snow surveyor's job 1s a year-round

job,” he says of the work done by
staffers Bob Newton, Dave Hart, Mau

Colwell, Dudley McFadden. Shawn

Perkins, and six part-time members

working out of Bishop. Before the

first snowflakes hit the ground,
team members trek to the high
country to stock cabins with food

and provisions for the winter. The
cabins serve as rest stops when the
surveying work requires an over-
night stay.

During the summer., much of
the field work and preparation for
the winter takes place. Automated
snow sensor equipment is checked
and needed repairs made. “These
snow pillows remotely send their data
via satellite to the California Data
Exchange Center in Sacramento where
the information is compiled into a cen-
tralized database,” says Gehrke. “Every-
one m the cooperative program can have
access 10 CDEC, and the data is published
monthly through the surveying period.”

The tube iz waeighed on a scale sus-
pended from a ski pole.

To advance the design of future
automatic snow dala collection net-
works, experimental equipment is in-
stalled so that it can be tested and
evaluated through the winter season,

SNnow course maintenance
work also goes on, Courses are
cleared of brush and end
point markers checked.
In heavy snowfall,
trarl markers, orange
signs  or license

plates natled high up

veyors time and lead
them safely to therr
destination.

“A SNOW
SURVEYOR'S JOB
IS A YEAR-ROUND

in Ireécs, ¢an save sur- JOB.”

Back at headquarters, DWR
snow surveyors are updating and veri-
fying historic data, information pro-
vided by other agencies in the coop-
erative program. “We receive over
1.000 *snow note’, forms on which
measurements are recorded,” says
Gehrke. “These numbers are included
in the Fall Report issue of Bulletin
| 20, Water Conditions in California.
We have to check the notes for accu-
racy and sometimes make adjust-
ments for certain conditions. It's a la-
borious task but it's an important
quality control measure.™

In January, the teams head out to
the courses. Sacramento teams survey

The procedure is repaated another nine
timea to got an average for the coursa,

six courses along Highway 50, while
the part-time surveyors cover 15
courses from the east side of the Si-
erra from February through May. “All
of the members must know how to
ski.” says Gehrke of a yob that some-
nmes demands traversing 10 to 15
miles and climbing more
than 5,000 feet in a
single day.

“The work can be
hazardous. The sur-
veyors are trained to
avoid dangers like
getting snowbound or
caught in an avalanche.
While they know how to
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handle emergencies. they also take
precautions and are constantly vigi-
lant about checking conditions be-
fore they take off.”

THE ART OF SNOW SURVEYING

Cooperative snow survey teams,
usually two to three individuals.
measure nearly 300 courses along
400 mles of the Sierra Nevada and
Cascade mountain ranges, Covering
dramnage areas from Kem River in
the south to the Scott drainage basin
in the north, each course is visited at
least once a year by a snow survey
team. Surveyors usually measure two
to six courses a day, depending on
the weather and distance between
sites. They travel to the sites by ski,
snowshoe, helicopler, snowcat, or
snowmaobile.

While it's been several decades
since snow surveying methods were
developed by Dr, Church, the con-
cept of weighing the snowpack re-
mains basically the same. An aver-
age snow course 15 1,000 feet in
length. The survevor first sinks a
snow sampling tube with a cutter
edge into the snowpack, checking to
see 1l the tube has hit the ground.
After the tube s pulled out and soil
cleared from its end, the tube is
weighed on a scale suspended rom
a ski pole. The snow core is mea-
sured in ounces, its depth is recorded
in inches. (The tube's diameter is
such that one ounce of snow equals
one inch of water.) The procedure
is repeated another nine times, at
points 50 to 100 feet apart, to get an
average number for the course. The
same points are sampled several
times during the season to record
changing conditions.,

“Water content of freshly fallen
snow 1s roughly 10 percent.,” savs
Gehrke. who began snow surveying
for a private agency wn 1980 and
joined the Department’s effort in
1987, “That typically translates 1o an
inch of water from one foot of snow,”

He adds that water contemt var-
tes, depending on the type of snow—
cold and powdery or wet and sticky—
and time of the yvear, Later in the sea-
son, after the snowpack settles
through periods of melting and freez-
ing, it becomes heavier and denser,

Gehrke's ofttimes partner Dave
Hart serves as field activities coordi-
nator responsible for collecting infor-
mation from the various sorveyors in
the cooperative program and feeding
the data into the CDEC computer.
Staff hydrologists use the numbers 1o
publish Bulletin 120 with its monthly
( February to May) runofl forccasts.
The bulletin also includes reservoir
storage in major water distribution
projects, snow water contenl, unims-
paired runotf, seasonal precipitation
and water conditions in the swate's 10
hvdrologic regions and for Central
Vallev streams.

“The bulletin is widely distrib-
uted,” says Hart. "It is used by a van-
ely ol people and agencies through-
oul the state, such as public utilities,
agnculwral interests, project opera-
tors, municipalities, recreationists,
and the news media.”

SNOWPACK AND FORECASTS
now is vital to California’s water
supply because of the state’s feast
or famine conditions when it

comes o precipitation, In the summer

months, a high pressure area moves
in from the North Pacific Ocean and

remains over north-
ern California, eflec-
tively blocking the inland
movement of moist marine air.

Thalt means most of the state’s pre-
cipitation (rain and snow) falls in late
Fall and winter.

In the northern half of the state,
from April through July. the snow
melts and runs off into streams and
creeks that eventually lead to four riv-
ers—the Feather, Yuba, Sacramento
and American Rivers—that make up
the Sacramento River Index. The SRI
is used to classify the water year (wel,
normal, dry, critical) and in turn de-
termines State Water Project and fed-
eral Central Valley Project deliveries.

“Measuring the water content of
snow 15 one of the eritical indicators
in forecasting water supply for the
year," says Maurice Roos, DWR's
chiel hvdrologist. A second indicator
is past runoff, including historical
records, such as the SO-yvear average
and the maximum and minimum of
past vears. Rainfall amounts 1s the
third indicator used in forecasts.

With these indicators, Roos says,
by May we can usually predict 1o
within 10 percent what the eventual
runoff will be. “In May 1994, we fore-
casted a Sacramento River Index of B
milhon acre-feet. The actoal was 7.8
MAF™

Predicting the SRI impacts many
people. The State Water Project and
the Central Valley Project can forecast
how much water must be released tor
downstream waler quality and hisher-
1es and how much water can be deliv-
ered to vsers. Water districts can plan
their water supply strategies based on
delivernies allocated by state and fed-

eral waler operations. Reservoir op-

erators
can deter-

ming how much
capacity to leave for inflows
from spring runoff. Public utilities can

judge how big a role hyvdroelectric

power will plav in energy generation.
Farmers can assess crop needs and
planting and irrigation schedules. Mu-
nicipalities can gauge whether their
water supply will be ample for the
summer or require mandataory ration-
ing. And recreationists can anticipate
good or bad conditions for skiing,
rafting and other water sports.
“Water forecasts lead to beiter
planming and management of the
state s water resources, which ben-
efits all Californians,” says Roos,
“And the Cooperative Snow Surveys

1$ an important part of the effort.”




What if ... a Northridge or Loma Prieta
carthquake kit near the midst of the
Sacramento-San Joagum Delta, a regon
that provides drinking water to more than
20 milliony Califernians? What wotld hap-
pen 1o the 1, 10 mudes of levees thar pro-
tect the region from certain flooding?

There's been much speculation and worry
of collapsed levees consmg costly destruc-
tom and salinity intrusion that would force
increased upstream resevvoir veleases and
perhaps even shut doun state and federal
water operatioms, At stake would be not
only the water quality of a vital water

source but also the well-being of a unigue

and valuable estwry.

But the truth is there are no hard facts on
how a temblor would affect Delta levees,
Records show that even recent seismic
pvenes, such as the Loma Prieta earthguake
in 1989, have not really tested the integricy
of the levees. But fate and good leck may
eventually run out. Some experts, like the
LS. Army Corps of Engineers, belicve
thar organic soils which comprise many of
the central and western Delea levees and
therr foundations will lipeefy dvring a mod-

erale D Somg Sewimes eveni

To figvere uat what can be dome before a
krpe earthquake ocours near the Delta,
DNUR. s taking a sevienis look at the seismic
stabiliey of Delta levees
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Source;
Selsmic Stability of Delta Levees
(Dwae 19932)

New Study

“It's most critical that we determine
r]_'“_—' ]'H'I[L'I'I_Tll_” 'I 14 1-1'1.."[:1 "-l'llh‘\- ) E'ITI'IL"I
.|1ui|lih.' or dampen oul l.n'llﬂ'l.-.{l.hlkt'
motions,” says Les Harder, program
manager of a new seismic study of the

e L T B

"Delita levees are sitting on tens o
feet of soft peaty soils. If these organic
wils amplify pround motions, the
behavior can have consequences
much like what happened durmg rhe

Loma Prieta earthquake.”

During the 1989 remblor, much of
the most serious damage occurred
alone the margin of the San Franclsco
Bay, an area composed of sotr sotls.
*Though all of those sites, such as the
Marina District, the Cypress Freeway,
the Bay Bradee, and Ouakland Harbor
Atrport, were 50 o 60 miles away
ITivm T!Il" L‘F"I(, ENler; rill'.' SO0l T ||l"'|
beneath them amplihed weak carth
N{LL-!L::.- MoONOns s g l'l as five rimes
greater than bedrock,” Harder says,
*This is potentially what can happen
in the Delra”

Harder, however, s quick to point out
that one 1967 recording of @ magmi-
rude 4.5 remblor in Union Bay near
Seattle, Washington showed that the
Abrous peaty soils there actually

I_I AR 'L'I'Il.'.l TRAT LS

So the question remains: Will the
|1|'1:'|T..-1'h et ~..1||;_~. hurt of hr.'||1 the !r\'-
ces! Dara from the new study, coordi-
nated by Harder and others in the
|].;-r,n-rn'||_-n'r, may l'-l:glrl o unravel

the mystery

Th '-Iu.!h the Delta levees have yet to
expenence signihicant ground motion,
the region lies in a seismically active
area. ULS, Greologic Survey experts say
the San Francisco Bay region was seis-
mically very active during the 1800s
] -.,-,1rh 19005 bur has been relatively
quiet since 1911, However, that quier
period appeared o end in 1979 with
four moderate to large t‘-1IT|'I||lhI|'¢L'1
occurring in the regpon since then,
These events suggest that the reglon is
eritering n cycle of increasing activity.
In fact, one of their studies predicts
that a magnitide 7.0 carthquake, simi
lar to the Loma Prieta event, has a 67
percent chance of occurring within the
next 30 years in the San Francisco-
Oakland area on aither the San
Andreas or Hayward Faules

o i - [

“Concemn tor Delta levees is prompr-
cd by the fact that earthquake activi-
ty appears to have changed in the last
1020 years. Magnitudes are larger
and occurrences have been on
unknown faules,” conbrms Dave
Kessler, head of Barthquake Engi-
neering. His section purchased and
|H'|.|"'|;'I..1 '||L"'.TH" surtace Hll.l.l :\I.lnl'l'ﬂ'l.lri:lt't'
accelerometers at four sites in the
Delea—Clifton Court, Montesuma
H]I'll.l!_:]'],‘ HL,‘HI‘.'H ["-I;‘I[:H.Il ..1[1|| .""IIL'II:I.I.'.-I.H
Island. Kessler and staft will also oper-
ate and mainmain the equipment as
well as recrieve (via computer

modem) and process the data.

“The new equipment is much more
sophisticated than what was previous-
ly at existing sites,” Kessler says.
I‘I'l:"\"li"l'll"il'!.' i'l"'ll:'lllnt"Ll r'LJLLI['ELII.:I"IT L
cight other Delta locations—one that
dates back to 1969, when planning
was underway for the Peripheral
Coanal—conrtain acceleromerers that
record surface motion only, At the
new sires, in addinion 1o sensors at the
surface, three subsurtace instruments

[ Meabure gm llll'lll IO eI "ulllll e

installed in boreholes in various
depths down to 500 feet. The bore-
hole drilling and casing installation
for subsurface accelerometers were
completed under the direction of the
Project Ueology Branch

“Each instrument will contain three
sensors that move in mutually perpen-
dicular directions,” explains Kessles
*Thar way, motion of a particle at
depth can be reproduced and com-
pared with one at the surfuce, Besides
recording information ar different peo-
logic layers (peat, clay, sand, rock),
the new equipment will provide digi-
tal data which can be manipulated

and interpreted immediately”

1
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levee failures would

\
he deVvastating,

especially on the
rY

western Delta islands,

-

which serve as
barriers to help stem
the tide of salt water
intrusion into the

interior Delta.




@ variety of habi-

All four sites are locared on levees other characteristics), then simulate

compuosed of saft soils. “We picked different intensities of earthquake about 230 species
arens with different foundations,” motion o project the effects. In this .

adds Harder, “For example, ar way, information from more common- of birds, including
sherman Island, the levee is very ly vccurring smaller or distant earth-

large, with the peat soil beneath quakes can be used to predict behay- naardy hall the
around 35 teet thick; while ar Clifeon ior for a furure large earthquake. . shorabirds and
Court, the levee is smaller with small-

er amounts of anganics, Ideally, we'd “One earthoguake won't settle all the waterfowl that

like 1o see what happens when a " - -

| 0 . P [ s wh L“ questions,” says Kessler. “In fact, it the
carthquake or series of earthguak y 3 )
earthquake or series of earthquakes may mise other questions: migrate on

trigger motions that would impact
cach site. That way we can leam how _ Pacific Flyway.
difterent organic soils behave under

similar conditions.”

The data obtained from the new
equipment will document the kinds of
ground motions created by earth-
quakes, assess whether the Delia’s
soft, organic soils will amplify or

dampen earthquake movements, and
estimate how well levees and other
structures will fare under different
levels of t:'.‘lﬂhl]niﬂ-:r I LT

Recordings will also be compared to
computer models thar can simulate
ditterent levee profiles (based on soil

densiries, toundation conditions and




Past Resulis,
Future Outlook

No detailed evidence exists of how
Dielra levees have fared in past earth-
quakes. Reviews of past newspaper
stories, engineermg journals, and eye-
witness accounts reveal no levee fail-
ure or even serious damage resulring
from temblors. The most serious dam-
age reported was during the 1906 San
Francisco earthquake during which a
Santa Fe railroad bridge at the Middle
River crossing was displaced by abour
three feet.

"Historically, since reclamation began
in the area, the Delta has experienced
only low levels of shaking,” says Les
Harder, “so the levees have never

really been tested.”

There 15 a growing belief among geol-
ogists that the Delta area may include
blind thrust faults. These are hidden
faults that, when they rupture, don'

show on the surface. The Northridge

Earthquake occurred along one
“Because there is no surface expres-
sion such as large cracks or offsets in
the ground, you can't map the faules
or see them in aerial photos,” explains
Harder. "But as demonstrated by the
Northridge event, these types of
carthquukes still produce a lot of
shaking and damage."”

Even tairly recent studies conducted
over the past 12 years fail to fully
reven] the region's seismic hazards,
The results, however, are considered
preliminary because of the long
lengths of levees invalved, the lack of
mformation on the levees themselves
and their foundations, and the ques-
rion of whether organic soils would
amplify or attenuate (dampen)
pround motions

“Histarically, we haven't recorded
much in the Delea because there is
little instrumentation in the region,
and the large earthquakes have
occurred in other regions,” says Dave
Kessler.

Though limited, previous findings do
point to certain vulnerable spors, A
1987 Corps of Engineers study shows
thar the central Delta is considered
tir have a moderate to high potential
tor liquefaction; and a 1992 Earth
Sciences Assocutes evaluation pre-
dices abour a 90 percent probability
that levees along the Delta’s western
edge will liquefy during an earth-
quake within the next 30 years. The
Department’s preliminary studies,
documented in a 1992 Design and
Construction report, also show the lev-
ces on the western edee of the Dela to
be at risk within the next 30 yeare
This risk potental generlly decreases
towards the east side of the region.

Information from the new study will
build on the database. *The more we
know about the relative vulnerabilivy
of Delta levees, the better we can
plin and be prepared,” Harder savs.
“While it may not be economically
rﬂ'ﬂﬁih‘lﬂ o UF‘ETT-l'dE Mmast I'EEII:I'IEH (]
meet carthquake safety standards, we
can pursue a rational approach of
managing existing and furure Delra
facilities and resources.”

What that means is too early to say.
Mew study results will still be limited
in scope. However, the Department
is looking into conducting more
extensive joint investigations with
other agencies and universities.

“We do know that the potential for
trotble in the Delta is grear,” adds
Harder. “And we need to know the
magnitude of those risks and raise the

accuracy of our predictions.”
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-SB 1866 and the Delta

It is colled the Jeon Horvie Community Center, and it is pure Americona. Morman Rockwell could have painted it.
The lorge, echoing room has o stoge of one end, high ceiling and o polshed hardwood flopr, 1t con double as o bosketboll court,
theater of o setting for the understuted dma of reol life. You con imogine o body of Yonkee selectmen orguing over the town
budget.

But now this Wolnut Grove londmork is more thon o community building. It s the meefing ploce for the Delfo
Protection Commission, which hos been set o tusk that looks nearly impessible on its face=to craft a plon that would restore and

protect all of the region's vital resources while recognizing the needs of those who depend on them.

The Delta is, in essence, all things to ol people. Its 1,000 miles of waterwoys quenches the thirst of more than 20
million Colifornians; imgotes millions of ocres of formiond; sustains locol communities, industnes and governments; and provides

habitat to over 300 species of fish and wildfife. Located within the region ore TV, rodio and elechical tonsmission fines; natural

By Yoyce “Tokita and rtlan Jones

i pldge tofx th Dal, Gover
son signed B 1866, the Del
Md'lmmwhm-
Mmhmﬂn
ento-Sar .' ._'.'.”."'Mﬁﬁ " natutal resource
de, nofiona, ond nfamafonal signficance,
wplaceable resources." Ifs intent was to
g mudmmmmm
%wwﬁmmm

mmmﬂmmmm

jan Commissian t prepare o comprehen-
B MONOPe plan for fand uses within
the Dalta (see map on opposite
m;hﬂmpﬂmmmml
n&amxdnmmmwil

THE PRIMARY ZONE

rimary rn-uﬁw.mm-m-uwﬂwrmmmﬂ
the zone is water area. Approx centages of area of each of the five counties contained:
’mwmmwmmum jcramento 28 percent, and Son Jooquin
38
";mw“mmmmm most of Twitchell Islond and parts of
rmmmmamwmwmnam-am
and Recration, the federa government, ool agencies, and privae artes.
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be carmied out by ogencies ather

® praserve and protect controlled public access and

use of public londs ond waterwnys,

e protect ond preseve novigotional oand
recreational boating,

® preserve and protect the Delto from development
that would result in lost hobitat o ogricultural
lond, and

e promote creation of wildlife preserves through
voluritry cooperofive anangemeants.

This wos the ogenda of the Delto Protection
Commission os its 19 members first met in Jonuory
1993. The gothering included five representotives
of boards of supervisors from each of five Delty
counties (Secromente, Son Jooguin, Solane, Yolo
and Contro Costa), three reprasentafives from Delta
cifies, five members from regional reclamation
districts, ond six representafives from stute goverr
ment agencies (DWR, Fish ond Gome, Stote Lands
Lommission, Food and Agricutture, Porks and
Recreation, Boating ond Woterways). Together,
they were to deft and odopt the plan by July 1, 1994,

ut even with the most carefully loid plons
ond the best mtentions, things con go owry
The July deadiine passed not with o fiedl plan

“The originol deodline wos on optimistic one,
says Morgit Arombury, the commission”s executive
director. “| think it reflects the difference between
being on the outside and saying ‘let’s do this right
owoy” ond working on the inside (the DPC) ond
facing the realities of limited budget and stoff, plus
frying fo mcorporate public reviews ond doing o
worthwhile product that fully reflects oll Delio
interests.”

To sort out the issues, Aiomburu, with some
outside assistunce and input from technicol advisory
commiftees, prepared eight background reports.
(DWR staft, such os Brendo Grewell, Ed Mormis and
Curt Schmutte, served os members or acted os
consultants on such issues os ogriculture, levees ond
the environment) . Hearings were held on the
reports that covered ufilifies and infrostructure, lond
use and development, water, ogriculture, recreation
and access, levees, environment, ond implemente-
o

From these bockground reports were drafted
the regional plan confaimng findings (key focts
derived from background reports), policies
(directions that counties must support through
amendments to their generol plons) ond recommen-
dations (odditional directions for action which will

than the counties such os DWE,
other state agencies, enviror:
mental groups and non-profit
oiganizotions)

Public hearings were then
held ot Walnut Grove, Anfioch,
Stockton ond Trocy, followed by
extensive rewriting of the droft
plan based on the many
comments received,

At their February 1995
meeting, the Delto Protection Commissian voted to
ndopt the revised plan,

“We teel pretty confident that the plon takes
info consideration oll of the Delt intesests involved,
ond hopeful that these porfies are in tum satisfied
with the work of the comemission,” says Bob Potter,
DWR's chief deputy director serving os o DPC
commissiones.

Local govemments — cities and counties
within the Delto — must now amend their general
plans, their rulebooks on growth, to mofch the
regionol plon. Future development will be ollowed
only after locol govemments find that developmeant
complies with standards set in the commission’s
resource management plon. The plan applies to the
“primary zone,” which includes most of the legally
defned Dalo but exdudes the cifies of Stockfon,
Trocy, Pittsburg, ond Atioch, In the rest of the
Deltn, the “secondary zone,” locol governments
retoin jurisdiction over lond use decisions.

The aim, Aromburu amphasizes, s for locol
govemment to retoin confrol. The plon is intended
to be used os o guide for locol governments to
ensure thot certoin policy oreas ore oddressed within
soch local govemment genesal plon and that, within
policy oreas, unitorm pobces-ore odopted Delfr-wide.

.
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“We ore continuing the work on regional
planning that began in the 1970s, but with o
different approach,” she soys. “The Delto Protection
Act brought together all of the mojor parfies (cities
counties, londowners, stote agencies) inferested in
seaing 0 heolthier Delto, ond it put “testh’ into its
work by giving the commission authority to overses
local governments vio on appeals process. But it stil
leoves reguiofion of the locol level.”

Once the plon is in ploce, e commission’s role
will be fimited to thot of heoring eppeals of local
lond use decisions. It hos hondled one appenl by o
Sacramento County former of the county’s approvol
of @ 20-acre subdivision on ogricuttural land. The
commission upheld the oction of the board of

SUDEMVISONS.

ha concept of the Delto Protection Act,
says Aombury, wes o parinership
mpprovch to solve regionol problems

“Not on odversariol relationship, bashing each other
ubout. Most counties hove done a pratty good job.
If we can keep counties to what they've committed
to, we will be fine on piimary 2one lond use
issues.”

Ryan Broddnck, DPC commissioner ond
manager of the Department of Fish and Gome's
Region Z, ogrees. “Local communities must look ot
the plon os o partnership with oll of the other
ogencies ond private inferests thot hove control oves
the Delto,” he soys. “We had to shore a common
vision. Without thot kind of synergy, it would hove
been difficult tockling the issues.”

Even then, conflict is inevitoble. While the
ultimate gool of droffing o regionol mop wos kept
firmly in mind, eoch of the 19 commissioners come
fo the toble knowing they also represented
porficulr interests in the Delt. As did Steve Meflo.

“As o representafive of the North Dalto Water

Agency, | wonted to moke sure tha! we accom-

plished our goals os o commission without reducing
tha londownars” proparty values, thot we protedt
currently held entilements, and that we encouroge
continued ogricultural use,™ says Malle, who is o
native of Walnut Grove ond o second-generation
Delty farmer. “We're concemed about the
conversion of farmiond to other uses ond its effect
on farm support industries ond the fax basis of the
speciol distrcts that provida the services upon which
Delin tesidents depend.”

Mello also wonted his participotion to help
educute the public obout the impartonce of
reclomafion districts (he is o hustee and direcior of
District No. 563 and the burden that the
landowners hove bome to maintoin the levees. “For
quite o few years, the londowners hove been “the
goose that loid the golden egg’ that funded routine
maintenonce costs of levees. The domoge the
levees suffer are not all natural. Some of the other
beneficiaries of those levees, such os the stote and

a delicate balance between the needs

and demands of o wierns.

federol water operations ond recreational baating,
contribute to the domoge and should poy for those
costs.”

Betfing the plon to reflect the sometimes
contlicting concems and views of those involved
was an orduous fask in itsef—further complicoted
by the very noture of the region the commission is
mandated to sove,

“How do we balonce ol of the competing
demands on the Delto, such os by recreation ond
ngriculture, for exomple?” osks Aramburu. It s o
question that touches on the heart of the issues in
the Delto and embodies the reol crux of the kinds of
solutions needed

“The Delta provides benefifs to o large number
of people who don’f even recognize it,” soys
Broddrick. “Many hove looked of the plan, to o
loige degree, in terms of what they see—uither
trom an economic necessify or personal prefer:
ence—the Delto should provide instead of thinking
of the brooder, long-term sustainobility of the
region,”

At its best, the plan will forge o delicate
holonce between the needs of the region’s natural

resources — better water quality, more habitat,
improved flood protection, to nome o few — and
demands of its users — for woter supply, imigation
ond recreation. The success of that baloncing act,
however, will depend on how well others perceive it
was crafted.

“I see our role as recognizing those demands
ond needs and knowing that in the goals we set,
there will be compromises in oll oreas,” says
Broddrick. "But thase compromises naed to be seen
as well thought out and justifiable, with the focus
that this bolonce is needed fo maintoin the Delta
system for future generations, not just the next

harvest or the next booting or hunfing season.”

s for the future, no one knows for
cartoin whethes the commission will
"sunsat” in 1997 or confinug in
another torm. But those who porficipated ore
opfimistic about the commission occomplishing the
goals that were set betore them.
“I think the plon incorporates the interests of
oll of the varied parties involved in the Deltn, such
os the counties, cifies, the landowners, ond stafe
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ngencies,” say Margit Aromburd. “Thanks fo the
leadership of DPC's chairmon, Tom Torckson
(Contra Costo County supervisor), we've been oble
to keep locused on what needed to be done.”

Says DWR's Bab Potter: “Qur busic concem
was urban encroachment into the Detta and o put
some constroint on future development to pratect
the region's primary volues — wildiife, ogriculture
and recreation. | think, despite our occasionally
disparate views, we've worked effactively os o
group to tackle the issues productively ond come
out with o workable plan.”

For those people like Steve Melio who
live in hear! of the Delto, making the plan work
gets o little more personal, *I see my inferest os
‘small potnto”, but it’s oll the pomtoes I've got “e



By Jell Coben

Picture this.

A street of quiet suburban homes with green lawns,
flowerbeds and assorted trees. Well, not an unusual
sight for California. But consider. The lawns grow,
the flowers bloom and the trees blossom—without a
single sprinkler or hose in sight.

No. vou're not in the “Twilight Zone.” But you
could call it the “Graywater Zone.”

This may be a suburban scene in California where residents can now take advantage olgray
witer—that is water that is reused from our shower, bath and laundry to keep our flowers,
lawns, and trees healthy, even during a drought

The idea of using graywater is not a new one. Most of us, at one time or another, have put
a bucket of shower runoff on the bougainvillea. But the idea of doing it safely and conveniently
with the larger amounts produced by the average household has posed a problem unil recently.

Thanks to a team of public health, plumbing. and environmental professionals coordinated
by the Department of Water Resources, Californians can now enjoy the benefits of graywater

without its potential drawbacks.



THE PATH TO LEGALIZATION

The path to legalize graywater use in
Califormia s a story that has s ongins in
the drought of 1977, Homeowners in
parched Marn County and Santa Bar-
bara looked for an easy method to save
prized landscaping. It was at that ume
that Larry Farwell, with the Golela Wa-
ter Department and later a gravwater
coordinator on loan to DWR, installed
his own system on 4 trial basis, (I s sull
working today. )

Homeowners like Farwell, facing in-
creased demands for water conservation
in the home, confromed a Pandora’™s box
of local graywater regulations. Builders
and manufacturers realized standardiza-
tion in graywaler systems manufacturing
and installation was needed wavoid pub-
he health problems. The use of gray-
water was, for the most part, forbidden in
Califormia, At the me, only one state,
Texas, allowed its use.

As the drought moved into high gear
in 1992 so did the movement to make the
legal and safe use of graywater a reality.
The State Legislature—striving to st a
standard to protect public health, opti-
mize the use of residential water, and
provide consistency for manufacturers
of systems—pushed for a single stan-
dard.

Legislation to legalize s use and
standardize graywater systems swiftly
passed through the State Legislature in
1992, The Graywater Svstems for Single
Family Residences Act, Assembly Bill
3518, was signed by Govermor Wilson in
1993, and by 1994, amendments 10 the
plumbing code were approved. estab-
lishing the groundrules for installation
and building permit approval.

The legislation had specified DWR as
the agency to coordinate the adoption of
standards that would be practical. afford-
able, and protect public health. Farwell,
by this time the Department s graywater
coordinator, and Marsha Prillwitz,
DWR s landscape program manager who
drafied pioneering legislation for land-
scape management plans for cities,
teamed up with an advisory group of
environmental health otficers, Califor-
nia Department of Health Services offi-
cials, plumbers, graywater system manu-
facturers, and environmentalists. Therr

2‘3 task was to come up with standards for

safe and effective systems. It proved 1o be
a daunting assignment. with cach party
having specific concerns. Public health
officials ok a very strict stance in re-
gard to the presence of pathogens in the
soil, while manufacturers wanted to pro-
tect their businesses and not price them-
selves out of the market.

SAFETY CONCERNS

As adoption of graywater use was
being considered, public health was a
major issue. Standards require subsur-
face distribution of graywater, but con-
cern centered on the potential for surface
pooling durmg irnganon. After months
of discussion and debate on the 1ssue, a
breakthrough came with the results of a
technical report by the Center for Trriga-
tion Technology at Fresno State Univer-
sity, headed by Dr. Ken Solomon. He and
his staff conducted research on maxi-
mum application rates for different sol
types. that 1s they sought to find our how
fast different soil types would absorb
graywater before pooling began on the
surface where it could possibly come into
contact with people or pets. (Graywaier
standards now refiect those findings., )

The next step was (o seek adoption of
the standiards by the Building Standards
Commussion, which sets the rules for
construction statewide, Farwell and
Prillwitz spent the better part of 15 months
hammermg out details with health and
building officials over the depth, size and
location of graywater systems. On the
third iry before the commission, the stan-
dards were adopted and went into effec-
tive in November |994,

“It was o challenge to meet all the
necds of different interest groups and
come up with standards that work,” says
Prillwitz, who has since been named
DWR's graywater coordinator.

Installtion of sometimes complex
approved gray water systems will eventu-
ally get easier, “What is comphicated and
intimidating now will become less so i
time, as people become more familiar
with the standards and the systems,” she
says, Manufacturers are working on a
prefabricated system, much like pack-
aged drip irnigation systems.

Graywater standards require that gray-
water must remain below ground and that
human contact with graywater be avoided.

The Califorma Department of Health
Services. an active participant in devel-
oping the standards. stipulated that in-
stallers and landscapers must install pipes
nine inches below the surface 1o mini-
mize human contact (IF a member of a
houschold is ill or infected, graywater
may carmy infectious bacteria or viruses.
However, unless a person dnnks the con-
wmimnated gravwaler Or consumes un-
washed vegetables that were wmigated
with graywater, ils use is safe.)

A Department guidebook spells out
the regulations and provides advice for
homeowners, plumbers and landscapers,
The Graywater Guide can be obtained
from DWR's Publications Unit, 1416
Ninth Street, Room 338, Sacramento,
California, phone (916) 653-1097.

The Department 15 also looking for-
ward 1o a series of graywater workshops
this year to introduce the standards 1o a
wider audience of water districts, build-
ing inspectors, and landscape architects
and contractors.,

THE FUTURE OF GRAYWATER

Does graywater have a future as a
widespread conservation technigque? That
remains o be seen. A study* of eight
graywater sites by the City of Los Ange-
les concluded that the potential availahil-
ity of graywater ranged from 13 to 65
percent of total household water use.
Recently, Marin Municipal Water Dis-
inct surveyved some of its customers in
April 1994 and found that almost seven
percent said they were using some sort of

“The of Los me
“Graywoler Is As Safe As Lew '
h.lhﬁlﬁm:{ﬂm
ence, Los Vegos.

graywater system. O that percentage,
almost hall reused graywater on their
landscapes.

Farwell estimates o family ol four
could produce from 100 1o 160 gallons of
graywater cach day. In some coastal ar-
eas, such as Santa Barbara, this may be
enough to irmigate much of the landscape.
In inland areas, such as southern San
Joaguin Valley where peak summer resi-
dential wateruse may average upto 1 (00
gallons a day in July, graywater would
irrigate much less,

The price of installing a system, from
$800 1o $3.000, may pose a barrier for
some homeowners. Imnally the expense
will probably limit graywater systems to
more alfluent arcas where residential
water use is high and savings from such
svstems more likely. Graywater systems
are much in evidence in Palo Alto on the
San Francisco peninsula and other arcas
where waler rates are among the highest
in the state. It also appears that the higher
the home's water use, the shorter the ime
it will take to pay back the cost of instal-
lation. A recent Los Angelesstudy showed
that savings from graywaiter reuse in low
and median water-using residences to-
talled a maximum of $100 per year, The
savings jumped from $350 o $T00 annu-
ally for high and very high water-using
residences.

The future of graywater will depend
on how the public treats the prospect of
future water shortages—aeither as occa-
sional musances Or as recurmng events,
Home builders will install graywater sys-
tems when they can recover the cost from
buyers. Homeowners will install gray-
waler systems when they are considered
a cost-effective, safe way of combatting
perenmal droughts. The Califormia Ur-
ban Water Conservation Council idenii-
fies graywalter as a potential “best man-
agement practice (BMP),” among other
water conservation practices such as in-
stalling low flow plumbing fixtures and
auditing large landscape imgations. Data
on possible savings from these and other
BMPs will figure into the 1998 update of
the Califormia Water Plan. Meanwhile,
additional case studies of graywater sies
will be conducted so that more data can
be analvzed before estimating the poten-
tinl effect of graywater reuse on urban
water demands,
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PHOTOGRAPHY BY STEVE PAYER

dequately describing what the San Joaquin District’s
water resources technicians do so expertly takes a
lot of punctuation. Their tasks include monitoring and
evaluating the state’s water resources; gathering data on
surface and ground water quantity and quality; storing
collected data; and dispensing it in various forms to users
Jim Davies measures river flow from a cable car, which is used when the inside and outside the DEPHITIHEHL Thﬂ}’ also coordinate
with their counterparts in DWR's three other districts to
avoid duplication of effort; conduct land use surveys of
| | | agricultural and urban landscapes: and work closely with
the water from the car. With them, Davies can obtain the stream _ :

the State Water Contractors to be sure water deliveries and
depth and flow velociry. billin gs are in order.

water is too deep (about four feet or more) for wading measurements. A

current meter and a weight are attached to a cable that he lowers into
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This triple-completion well is used to monitor water levels and
collect water quality samples from three discrete depths (deepesi
zone Is about 700 feet below surface). A techmician measures the
well through a sounding tube with an acoustic probe (the device on
the lid), which sends a sound wave down the well. When the wave
bounces off the water surface, it provides a digital readout of the

depth to water.

“Tt"s ademanding job that’s changed
a lot in recent years,” comments Tony
Camoroda, acting chief of the Ground Water
Data Ulnat. *As our databases have contin-
ued to grow, the traditional collection and
distribution technigues that worked just
fine in the past haven't kepl pace. These
days, users want their data on computer
disks or printouts — and they want it now!
Our job 15 to give them what they need in
the forms they can put to immediate use, To
maintain excellence, we must keep up with
the demand.”

Modern needs aside, the gathering of
water data still hinges on traditional meth-
ods that have proven elfective over long
penods of time. According to Larry Baxter,
chiel of the Surface Water Data Unit, pre-
cision, patience and adherence 1o practical
procedures are key to the District’s overall
data-gathering effort. The men and women
who collect the data must be patient. skilled.,
dedicated, and careful. I they are other-
wise, the statistics they gather will be faulty
or fragmentary — and of lintde value.

resently, San Joaguin Dhstrict
technicians spend much of their
time collecting data on ground
water levels and surface water flows in the
San Joaguin Valley. Some of this data they
gather themselves, with the help ol manual
and electromc devices. Others they obtain
from the LL.S. Bureau of Reclamation and
cooperating agencies. Inall. techs log more
thin 13,000 separate ground water level
measurements, and more than 10.00K) sur-
face water level measurements onto De-
partment databases each year. The resultis
a highly accurate, pinpoint accounting of
(1) spring and fall depths to ground water
and (2) seasonal river depths and tempera-
tures in critical Valley locations. These
data are vital to DWR managers and mem-
bers of the private sector, who use the
measurements to gauge the impact ol ground
waler pumping and recharge, as well as
surface water diversions.

Techs store these data within the
Dristrict and make them available in a vari-
ety of forms. “We get at least three or four
data requests a day,” savs Camoroda. “Users
tell us that our numbers are dependable and

our period of record long enough to meet
their needs... Our files date back to the
1920s, and they 're fairly inclusive. What's
more, people reimburse us for staff time
and copying costs to obtain the data from
our files. For the most part they 're glad 1o
do so because we're giving them some-
thing they really need, and our turnaround
time is excellent.”™

esides determining water lev-
els, techs measure the quality
of ground and surface water in
critical Valley locations. Budget cuts and
nsing cosis have reduced the scope and
frequency of this analysis, but water qual-
ity assessment remains one of the District’s
most valuable data-gatherning activities.

Within the Department, many pro-
gram managers require frequent analyses
of ground and surface water quality to
monitor land subsidence and track the
changing impacts of planning and con-
struction activities, environmental needs,
water operations and pumping programs,
droughts, or storms. Outside DWR, plan-
ners, growers, and environmental special-
ists depend on the Department’s water gual-
ity data to evaluate the impact of past and
proposed land and water use practices.,

Working together with DWR s labo-
ratory crew in Bryte, Califomia, techs tai-
lor water sampling to individual needs.

This year, for example, Jose Fana,
manager of the District’s Aqueduct Protec-
tion and Flood Management Section, has
contracted with Camoroda, Baxter, and their
support teams to update data on ground
water quality and surface water flows in the
area about 60 miles southwest of Fresno,
where the Califormia Aqueduct crosses a
stream called Arroyo Pasajero. The quality
of the ground water in this area has not been
checked for seven years. and surface water
flow fluctuates from storm to storm. Faria
needs 10 know the current guality and run-
ofl’ volume to help determune how arroyo
floodflows have impacted ground waler
quality and surface water storage near the
aqueduct. Working directly with the techs,
Faria can stipulate where and when the
sampling will occur. He can also designate
the exact constituents he wants the water
tested for.

Above: Equipment used 1o

measure surface water

flow includes (from left 1o

right) a screwdriver,
current meter and bar, a
stopwatch, and a wading
rod. Typically, the meter is
attached 1o the wading rod
and lowered into the stream
to measure velociy,

Right: Using the equip-
ment, Chuck Serpa makes
a wading measurement of

streamflow
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Waorking as a team 15 handy when it comes (o safery, but teamwork

plavs a greater role in gerting the job done quickly and efficiently.

Chuck Serpa makes wading measurements of stream depth and flow

velocity, while Jim Davies records them.

“It's o real blessing to have these
services avallable in-house,” says Fara
“Our techs know the termtory and the tech-
miques needed o sample iteffectively. They
excel at thus work, and they re willing to
perform 11 on short notice
rible weather, We couldn’™ get service any
better than this from any consultant.”™

EvVen 1n Ler-

t the height of the state’s record
rainstorms, during the first few
weeks of 1995, techs put in
long hours along Arrovo Pasajero measur-
ing floodflows into a ponding basin west of
the California Agueduct. This cald, un-
comfortable, and potentially dangerous duty
resulted in vital quality and flow data tha
Faria and others needed to ensure the integ-
rity of SWP supplies and to protect the
aqueduct itsell,

Keen devotion to sensible safety pruc-
nces mimimizes on-the-job dangers that
techs face. Sull, anvone collecting samples
in or near deep, fast-flowing water runs a
risk of having an accident.

“We ve beencareful, and we've been
fortunate,” says Gil Pineda, o technician in
the Surface Water Data Unit. “Aside from
some slips and scrapes. we haven’t had any
real accidents to speak of. But the threat is
definitely there. Techs in other departments
have been senously hurt while collecting
data. That’s why our techs are strongly
encouraged to sample cautiously, and dis-
couraged from workimg alone in the ficld.
There's usually a partner to help out if you
gel in o jam, or o compare neotes with if
you ' re unsure of how to proceed... All inall,
it's a good, safe system.”

Safe, yes — and ever more demand-
ing as budgets shrink and requests for data
services continue to swell.

“Considering the size of our staff and
the hits our funding has taken, 'm im-
pressed with what we re able to do, says
District chief Lou Beck, "Our system is set
up 1o serve the needs ol others, and we
continue to do that remarkably well.. . Credit
aoes 1o our techs, They re vatal 1o the Dhs-
trict and the Department, as well as to the
public. All in all, their contrnibutions are
outstanding.”

long Suisun Slough near
Grizzly Bay lies an under-
water nursery of sorts, ls
finned charges are striped bass, a fish
that environmental and fishing
groups say have declined about 65
percent from levels present in the
19708, Within this nursery of floating
netted pens swim more than 240,000
striped bass salvaged from the
Skinner Fish Facility

Fed and cared for daily for a year,
the striped bass are ready for release
when they reach 8-10 inches. How
ever, whether or not they are placed
back nto the Delta will depend on
whether the bass are negatively
impacting the endangered winter-run

chinook salmon or the threatened
Delta smell
by the Department of Fish and Game,
LS. Fish and Wildlife Service, and
National Marnne Fishery Service
“The adult striped bass 15 at the top
of the Delia Tood chain,” says Steve
Ford, project manager for the Depart-
ment. “It's a voracious cater of other
fish.”

Whatever the eveniual decision,
the floating nursery has proven that it
improves bass survival. Nearly 90
percent of the striped bass raised
there survive to yearlings, compared
to about 10 percent of salvaged fish
that are immediately released back to
the Delta. One contributing factor 1s

d decision 1o be made
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DELTA'S FLOATING NURSERY

that the pen-reared fish are protected
from predators and have a more
reliable food supply. Pen-reared bass
may also have an advantage over
bass reared in traditional land-based
hatcheries because they are raised
under conditions that are part of their
normal existence in the Delta. The
pens are also transportable. capable
of being towed to different locations
o get optimal water quality and
witler temperatures for the Hish

DWR reimburses Fish and Game
for the cost of rearing those lish that
are released to the Bay-Delia 1o
offset bass lost at Banks Delta
Pumping Plant.
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